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Understanding the genomic landscape of malignant tumors has revealed novel diagnostic, prognostic, and
predictive molecular biomarkers to refine their pathological classifications. However, it remains a major challenge
to incorporate molecular genetic information into the routine diagnostics of cancer to achieve “Precision Medi-
cine.” Significant progress towards this goal has been achieved owing to the new World Health Organization
(WHO) 2016 Classification of Tumors of the Central Nervous System which has enabled traditional histology-
based diagnostics to be replaced with a multi-layered approach that combines histologic features and molecular
information in an “integrated diagnosis.” Described here are state-of-the-art pathological diagnostic approaches
using molecular markers for malignant tumors, focusing particularly on brain tumors, which are likely to help en-
sure more precise diagnostics for personalized medicine.
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Fig.　1　Genetic aberrations for gliomagenesis in adults. The major genetic mutations for 
each glioma entity are shown. IDH-wildtype glioblastomas frequently possess mutations 
in the TERT (telomerase reverse transcriptase) and EGFR (epidermal growth factor re-











































































（fluorescence in situ hybridization）やmicrosatellite
法での検出が必要である（Fig. 2）．同一のWHO
gradeであっても，oligodendrogliomaは astrocy-
tomaと 比 較 し て 予 後 が 良 く，ま た 1p/19q-
codeletionの存在は化学療法で予後が改善する pre-
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Fig.　2　Molecular pathology for diffuse glioma in adults. Immunohistochemistry for IDH1 
(R132H) and ATRX is useful for the molecular classification of diffuse gliomas in adults. 
Immunopositivity for IDH1 (R132H) indicates the presence of IDH1 mutations (endothelial 
cells as a negative control), and loss of ATRX staining suggests the presence of ATRX 
inactivating mutations (endothelial cells as a positive control). 1p/19q-codeletion can be 
detected by FISH: green, probes for centromere regions; red, probes for 1p36 or 19q13 



















































Fig.　3　Diagnostic scheme for pediatric gliomas. Glioma cases under the age of 20 should 
be classified into localized (circumscribed) or infiltrative (diffuse) tumors. Subsequent mo-
lecular genetic testing enables accurate integrated diagnoses for each tumor entity. PA, 
pilocytic astrocytoma; PXA, pleomorphic xanthoastrocytoma.
Under the age of 20 (or 0-15 y.o.)
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る．Diffuse midline glioma（H3 K27M変異体，WHO
























trocytoma：PXA，WHO grade II）の約 70 %では，
酵素活性部位の BRAF-V600E変異がみられる１０）．
















fuse intrinsic pontine glioma：DIPG）や視床グリ

























































する胎児性腫瘍（embryonal tumor with multilay-






























Fig.　4　Immunohistochemistry as a surrogate marker for genetic aberrations. Upper 
panels: a case of AT/RT involving rhabdoid cells with eosinophilic intracytoplasmic 
inclusions. Loss of nuclear immunoreactivity for INI1 is a diagnostic hallmark for this 
tumor (arrow: endothelial cells as a positive control). Lower panels: a case of SFT/HPC. 
Immunopositivity for STAT6 indicates its nuclear translocation in the tumor cells (arrow: 







Table　1　Molecular diagnostics for brain tumors.
Tumor entity Molecular finding (testing)
Diffuse astrocytic and 
oligodendroglial tumor
DA, AA, GBM IDH mt (IHC, HRM, seq), p53 mt (IHC), ATRX mt (IHC)
OLG, AO IDH mt (IHC, HRM, seq), 1p/19q-codeletion (FISH, MS)
Pediatric glioma PA, PXA KIAA1549-BRAF fusion (FISH), BRAF V600E mt (IHC, seq)
Diffuse midline glioma H3 K27M (seq)
Ependymal tumor Ependymoma RELA-C11orf95 fusion (FISH)
Embryonal tumor Medulloblastoma Transcriptome/HumanMethylation450K BeadChip
ETMR, C19MC-altered C19MC amplification (FISH)
AT/RT INI1 mt (IHC)
Others SFT/HPC NAB2-STAT6 fusion (IHC)
DA, diffuse astrocytoma; AA, anaplastic astrocytoma; GBM, glioblastoma; OLG, oligodendroglioma; AO, anaplastic 
oligodendroglioma; PA, pilocytic astrocytoma; PXA, pleomorphic xanthoastrocytoma; ETMR, embryonal tumor 
with multilayered rosettes; C19MC, chromosome 19 miRNA cluster; AT/RT, atypical teratoid/rhabdoid tumor; 
SFT/HPC, solitary fibrous tumor/hemangiopericytoma; mt, mutation; IHC, immunohistochemistry; HRM, high res-
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